Hoxb1-null mice exhibit early patterning defects in the hindbrain, including the failure of rhombomere 4 to maintain its unique identity (Studer et al., 1996) . As a result, the facial muscles are not innervated, and these embryos (98%) die soon after birth, unable to suckle. Hoxb1 expression, however, is not limited to the developing hindbrain. During early somitogenesis, Hoxb1 expression in the paraxial mesoderm extends into the cervical somites (Studer et al., 1998) . Although skeletal phenotypes have been reported in other Hox mutants, no skeletal phenotypes have been described in the Hoxb1 knock-out line. To investigate whether Hoxb1 is involved in vertebral development, we use Alizarin Red/Alcian Blue staining to characterize the skeletons of 18.5 dpc Hoxb1 mutant embryos. Our analysis reveals that the loss of Hoxb1 function leads to multiple homeotic transformations along the vertebral column. In the cervical region, the second cervical vertebra (C2, axis) exhibits morphological changes characteristic of the first cervical vertebra (C1, atlas), including an expanded neural arch and a duplication of the anterior arch of the atlas. In contrast, the neural arch of C1 is reduced in size, similar to C2. The ribs of the first thoracic vertebra often fuse with those of the second thoracic vertebra. Finally, the ribs of the eighth thoracic vertebra often form unilateral or bilateral ectopic sternocostal junctions in Hoxb1 mutants. Interestingly, the defects observed in these mutants occur at the boundaries between morphologically distinct vertebral domains. In conclusion, these data show that Hoxb1 plays a critical role in patterning the paraxial mesoderm. The protein transduction domain (PTD) of Antp or HIV-1 TAT has been extensively documented with regard to its membrane transduction potential. Hoxc8, a subgroup of homeobox genes plays a crucial role as a transcription factor in pattern formation by expressing at a specific time and position during early embryogenesis. Hoxc8 contains a 60-aa homeodomain composed of three α-helixes, and the third helix possesses 94% homology with that of Antp. Here, we demonstrate that the third helix of Hoxc8 homeodomain has membrane transduction potential like that of Antp. For high level prokaryotic expression, oligonucleotides encoding the 3rd helix of Hoxc8 homeodomain was designed and synthesized considering the bacterial codon usage. To analyze the entrance of PTD into cells using the fluorescence microscope, PTD was designed to be fused with enhanced green fluorescent protein (EGFP), which is incapable of entering mammalian cells by itself. In addition, the PTD was also designed to be expressed as a thioredoxin-and his-tag fused form, to increase the solubility and purify easily. After purification, the transduction efficiency of PTD was analyzed in PPFF cells: the penetrating activity was increased in dose-dependent manner; as PTD number was increased in tandem, the more EGFP signal was observed. These results altogether imply that the third helix of Hoxc8 homeodomain acts as a PTD, and could be used as a vehicle to transport cargo molecules in the future.
Supported The Hox proteins are key regulators for the regional pattern formation along the antero-posterior (AP) and other embryonic axes. Despite the fact that homeobox genes are DNA-binding protein, it is still not well understood what Hox regulates. In an attempt to analyze Hoxc8 downstream target genes, a stable cell line over-expressing Hoxc8 was established using F9 murine teratocarcinoma cells, proteome samples were analyzed by 2-DE, and compared with the control. Out of 14 putative downstream target genes analyzed, glucose-regulated protein (Grp) 78 was chosen and analyzed further after cloning a 2.4-kb upstream region of murine Grp78 into the pGL2 promoter vector (pGL2-ugrp78) harboring a luciferase gene. We found that the expression of Grp78 was up-regulated by Hoxc8 in vitro and this up-regulation was down-regulated by the siRNA against Hoxc8. Deletion analysis revealed that the 11 putative Hoxc8 binding sites along this region were responsible for Hoxc8-mediated regulation of Grp78 transcription. When in vitro EMSA analysis was performed with the recombinant Hoxc8 protein, several areas along this region turned out to bind with Hoxc8 protein, although one promoter proximal region bind rather weakly. This binding was also confirmed in vivo through ChIP analysis. These results altogether strongly indicate that Hoxc8 directly regulates the expression of Grp78, implying that Grp78 is one of the putative Hoxc8 downstream target genes. Hox proteins, harboring a conserved homeodomain, have been known to play an important role during pattern formation along the antero-posterior body axis. Although homeodomain proteins typically recognize a short TAAT DNA motif in vitro, this binding seemed to have low specificity and affinity, given the extremely high specificity in vivo. In order to regulate the target genes, specific binding of Hoxc8 should be a prerequisite, and this specificity has been known to be exerted by interaction with other proteins/cofactors. Several Hox proteins have been reported to interact with other proteins, such as Smad, Maf, BTG2, Pbx/Exd, Meis, and PBC, etc. Here we tried to analyze the Hoxc8 interacting proteins through GST pull down analysis. To do that Hoxc8 was first cloned into the pGEX 4T-1 vector. And then the GST-Hoxc8 fusion protein was purified and incubated with total F9 cell lysate. GST-Hoxc8 interacting proteins were isolated using glutathione sepharose beads and run on the acrylamide gel. The proteins specifically interacting with Hoxc8 were selected by comparing the data from GST alone. Among 4 candidate proteins identified through MALDI-TOF analysis, mortalin-1 was chosen for further analysis. The expression of both Hoxc8 and mot-1 proteins were confirmed using RT-PCR and Western analysis in F9 and MEF cells with or without Hoxc8 transfection. In the case of mouse embryos (E11.2 and E12.5), head and trunks region was used separately, since Hoxc8 expresses more in trunk than in head. CoImmunoprecipitation data suggested that mot-1 is a plausible Hoxc8 interacting protein. Program/Abstract # 201 Post-translational regulation of the beta-cell specific factor Nkx6.1 Anastasia Mavropoulos, Francis C. Lynn, Skewes-Cox Peter, Michael T. MacManus, Michael S. German Diabetes Cent., UCSF, San Francisco, CA, USA The development of the endocrine pancreas requires the expression of a well-orchestrated network of transcription factors. One of the crucial actors in differentiation of the pancreatic beta-cells is the homeodomain factor Nkx6.1. Interestingly, the Nkx6.1 mRNA is broadly expressed among various pancreatic cell lines while the protein is only found in beta cell lines. In addition, mice lacking the related factor Nkx2.2 fail to express the Nkx6.1 protein, but continue to express the mRNA in the endocrine lineage, suggesting that the translation of Nkx6.1 is finely regulated in the endocrine pancreas. To uncover the mechanisms underlying this regulation, we examined the potential role of an IRES and miRNA in regulating the translation of the Nkx6.1 mRNA. The 5′UTR of Nkx6.1 contains IRES activity, and we used deletion and insertion analyses to map more precisely several IRES activities within this region that can function both independently and cooperatively. In comprehensive cloning and sequencing experiments, we identified the set of miRNAs expressed in pancreatic cells. Among them, miR-126 is the second most common miRNA sequence cloned but is not significantly expressed in cells that express the Nkx6.1 protein. Furthermore, miR-126 has two potential binding sites in the 3′ UTR of the mouse nkx6.1 mRNA that are conserved in other vertebrates. These data suggest that Nkx6.1 translation is inhibited by miR-126. We are following up this work with expression and functional analysis to test our hypothesis. Specification of the myocardium involves a cascade of gene regulation culminating in the expression of genes coding for the components of the contractile machinery and various cardiac enzymes. This cascade of gene regulation is controlled by an interacting network of transcription factors which regulate each other and establish a stable state prior to maturation of the myocardium. One of the first cardiac transcription factors to be present in the zebrafish embryo is the NKX2 family gene nkx2.7, which is expressed throughout the anterior lateral plate mesoderm during gastrulation, early heart tube formation and chamber morphogenesis. In this work we show that perturbation of nkx2.7 expression in the zebrafish embryo interferes with cardiac development. Although a heart tube is formed, the ventricular chamber identity is altered. Whilst a proper atrium develops, the ventricular chamber is divided into two distinct populations of myocardial cells. In addition, nkx2.7 morphants display left-right asymmetry defects with the processes of cardiac jogging and looping being affected. The majority of nkx2.7 deficient embryos show an incorrect heart placement and, later on, situs inversus. Taken together, our work proposes a critical and central role for nkx2.7 in zebrafish myocardium development, being specifically required for proper heart chamber formation and correct heart laterality. 
